Introduction
within the Elk Point Basin, resulting first in deposi tion of gypsum, then of halite, and finally of po THE potash deposits of North Dakota and Montana tassium salts. Periodic influxes of fresh sea water are extensions of rich deposits now being mined in into the basin caused deposition of alternating beds Saskatchewan. The potash deposits underlie 11,000 of halite and potash. Potash deposition was restricted sq miles (28,500 km 2 ) in northwestern North Dakota to the southern part of the Elk Point Basin, an area and 3,000 sq miles (7,800 km 2 ) in northeastern Mon that covers parts of Saskatchewan, North Dakota, tana. They are of Middle Devonian age and occur Montana, and a small part of Manitoba adjacent to in beds within the Prairie Formation ( Fig. 1) , an the Saskatchewan border. evaporitic sequence composed primarily of halite, but Initial evaporite deposition of the Prairie Forma also potash and anhydrite. The formation conform tion in North Dakota and Montana is represented by ably overlies the Winnipegosis Formation and is a basal anhydrite (Fig. 3) . Deposition of anhydrite conformably overlain by the Dawson Bay Formation. on the U. S. side of the international boundary ap Both fonnations are of Devonian age and are com pears to have been r·estricted to North Dakota and posed primarily of carbonates. extends 60 to 65 miles (96 to 104 km) east of the The evaporites of the Prairie Formation were de present salt limits of the Prairie. The anhydrite may posited in the Devonian Elk Point Basin, a large indicate the original extent of the salt. Solution is trough which extended southeastward from the known to have occurred along the eastern salt mar Northwest Territories and northwestern Alberta to gins in western Bottineau, eastern Renville, and its southern terminus in northwestern North Dakota northeastern Ward Counties, North Dakota, but and northeastern Montana (Fig. 2) .
whether salt extended as far east as the anhydrite is unknown. The eastern edge of the basal anhydrite Geologic History of the Potash Units is farther east than the eastern edge of the overlying Prairie salt, which may indicate a westward tilt of the During deposition of the Winnipegosis Formation, Williston Basin in early Prairie time with a resulting reefs, which restricted inflow of waters from the open westward shift in deposition. vVestward tilting of sea, formed in AIberta in the northern part of the the basin is also indicated in Saskatchewan (Holter, Devonian Elk Point Basin. Circulation within the basin was further restricted by reefs that formed on 1969). structural highs in the northwestern part of the basin Following deposition of salt of the Prairie Forma and along the basin margins (Saskatchewan Dept. tion, the Dawson Bay carbonates were conformably Min. Resources, 1973) . These restrictions, coupled deposited. A reddish argillaceous bed known as the with arid conditions, caused concentration of brines "second red" that occurs at the base of the section probably kept waters of the Dawson Bay Sea from coming in contact with the salt.
Geology of the Deposits
The present limits of the Prairie salt in the United States are from western Bottineau County in north central North Dakota to Daniels County in eastern Montana and as far south as northern Dunn County in west-central North Dakota (Fig. 4) . Evidence of solution is indicated along both the eastern and western margins as well as in three other areas in eastern Montana. Thickness of the salt ranges from a feather-edge along the margins to over 500 ft (150 m) in Burke County, North Dakota. In Montana, the thickest section is in 'east-central Sheridan County where the salt has a thickness of slightly more than 300 ft (90 m).
On the U. S. side of the inter'national boundary, as in Saskatchewan on the Canadian side, three potash beds are present (Fig. 5) . The Esterhazy and Belle Plaine Members, the lower beds, are pl"esent in both North Dakota and Montana and continue across the international boundary. The upper bed, termed the "Patience Lake Member" in Saskatchewan and the "Mountrail Member" in the U. S., is discontinu ous and cannot be traced across the boundary; how ever, the two members are probably correlative. The Mountrail Member is not known to occur in Mon tana. 
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.... ...., a <: The two major beds, the Esterhazy and Belle determined by selecting characteristic points on the Plaine Members, reach a combined gross thickness well logs ; however, actual minable thicknesses may:be of 83 ft (25 m) and a net thickness of 55 ft (17 m) less because of the gradational contacts of halite and in North Dakota. In Montana they reach a com sylvite. bined thickness of 61 ft (18.5 m) gross and 43 ft
The potash deposits of North Dakota and Montana (13m) net.
occur at depths exceeding 3,500 ft (1,065 m), which This study is based on apparent potash-bed thick precludes the possibility of conventional shaft-mining nesses from gamma ray logs. The thicknesses were and makes solution-mining the only viable method MOUNTRAIL ~ r-.
..... ---Carnall it.
-'-HaW. (Fig. 6) . In North Dakota depths range from 5,600 ft (1,700 m) near the eastern limit in northwestern Bottineau County to over 12,000 ft (3,650 m) in southern McKenzie and northern Dunn Counties. Depths in Montana range from 8,300 ft (2,530 m) near the western limit in Daniels County to 11,500 ft (3,500 m) in Richland County (Fig. 6) .
Esterhazy Member
The Esterhazy Member is the most extensive pot ash bed in the U. S. portion of the Williston Basin (Fig. 7) ; ,extending westward from western Bot tineau County, North Dakota, to Daniels County, Montana, and south from the international boundary to northeastern Dunn County, North Dakota. This member is also the lowest stratigraphically and the shallowest. The Esterhazy Member occurs at a depth of 5,632 ft (1,717 m) in northwestern Bottineau County, which is the shallowest known occurrence of potash in the U. S. portion of the basin.
In North Dakota, the Esterhazy Member has a maximum known gross thickness of 44 ft (13 m) at a depth of 11,800 ft (3,600 In) in west-central Moun trail County. In eastern and central' Burke County, North Dakota, gross thicknesses of 38 to 39 ft (12 m) are developed at depths of 7,900 ft (2,400 m) to 7,000 ft (2,130 m). In Montana, gross thicknesses of 31 ft (9.4 m) to 34 ft (10 m) are developed in west-central Sheridan County at a depth of about 9,000 ft (2,750 m). Three ar'eas without potash oc cur in eastern Divide County, North Dakota, and another in southeastern Williams County. These areas occur where the potash is generally less than 10 ft (3 m) thick. The possible explanations are: (1) the Nesson anticline may have influenced deposi tion; (2) the area may have been higher than sur rounding areas during deposition of the potash; and (3) fresher water may have entered the area and dis solved the potash soon after deposition.
In North Dakota the maximum net thickness known is 32 ft (10 m) in north-central Burke County (Fig. 8) (Fig. 12) . The member occurs near the top North Dakota (Fig. 11) .
of the Prairie salt section; however, it probably has • f no economic value because of vertical separation from the Belle Plaine and Esterhazy Members and because it is so thin.
Mineralogy of the Potash Deposits
The sparse mineralogical data about the Prairie Formation, on the U. S. side of the basin, indicate that it is similar to the Prairie in Saskatchewan and includes halite, sylvite, and carnallite, as well as the insolubles anhydrite, clay, and dolomite (Fig. l3.,) .
Carnallite in Saskatchewan is restricted largely to the northern and eastern margins of each of the three potash members (Holter, 1969) . In apparent con trast, though based primarily on neutron logs, carnal lite in the U. S. portion of the hasin seems to be largely, but not entirely, restricted to the Easterhazy Member. The mineral occurs where the member is thick and buried deeply. On its ,eastern margin in North Dakota and in Montana the Esterhazy Mem ber appears to be relatively free of carnallite.
Favorable Areas for Potash Development
In North Dakota the most favorahle areas for pot ash development appear to be: central Burke County, where the depth to potash is 8,300 ft (2,650 m) to 9,000 ft (2,745 m) ; western Divide County, where the depth is from about 8,900 ft (2,715 m) to 9,200 ft (2,800 m) ; and western Bottineau, eastern Ren ville, and central Ward Counties, wher'e the depth is 6,000 ft (1,830 m) to 7,500 ft (2,285 m). Figures 14 through 17 illustrate selected log sections in these areas of the Prairie Formation.
In Montana, the northeast portion of Daniels County and the northwest portion of Sheridan County appear to be the most favorable areas for potash development. In northeast Daniels County depths range from 8,300 ft (2,530 m) to 8,900 ft (2,715 m) and in northwest Sheridan County depths range from 8,600 ft (2,620 m) to 9,000 ft (2,745 m).
Potash Resources
The total potash resources in the U. 
